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dense alumina sintered product having an average 
grain size of 18 - 45 jim, a surface roughness Ra of 0.8 
- 3.0 Jim and a bulk density of 3.90 g/cm^ or over. 
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Field of The Invention 

10001, T.isinventK>nre.atestoap.asrna-resistantmemt.eranda.sotoap^^^^^^^ 

Description of The Related Art 

om»<l on . body to be pnx».s.d. an oBMnt g<» f ."^^"T^'^^^^'^ torn thU. gas« oor- 
used a«e, exc»a«on «,«, a plasn,a. The «"»«>«<'"."«;'"'"r anoSoxMlzed al.mlrumo,alomlna 

rod. Sl-oased compoonds aool. as silica slass and '"f "'^toI^tTu^CS puipoae. In a step .«ch as ol 

rrr.n"rr:=r:irrotr r ^s:dTo^^^^ .ll ce»n^ ^..0 ^.en . 
IS" . - =r"vrz::r^Tannr"Liirjrp^^^^ 

L a pla^a e«lng C^^-Tpans lor sen.cond^» 

r^^'^l:r:^^';rL„d^o,d.v«satesc.leddo^,nc^J^^^^ 

sized opening. «rHartn fftrm a Drotectino film on the side walls of an etched 

[OOOS] Fig. 2 principal^ shows this state as of a chlorine-containing gas such 

deep groove as shown in Fig. 2, a poiymerfilm is deposited on «ie side wall us ^^^.^ ^g^ng 

as CCIF3, or a carbon-f.uorine-based (CF ^^^^J*) 9^^^^^^^^ SorTorinated alumina product, 

a f luorocarbon polymer or a f iuorocarbon P^^mer contemlng alurnma P^-J^^^ ^^^^ the decom- 

10006] When an etching treatment .s /"J ^^^^^^ ^^^3"^^^^^^ chamber' the inner walls of the 

position product of a reactant gas is deposrted on he e'^™*^ ^ a thereon. When 

brsir^b'er".;r::'si"tjzrr.as^^ 

the productivity to be lowered. reaction chamber using the alumina parts has been 

100071 The measure against the formation of ^^^^^^^'^^g^ int^s application, it is stated tof.nd that the 

^pSr.^r.=ir2;rn:rraS^^^^ 

rs^nn^ver.,. — ^-™'''d"r^rHrrrora"rn;::?pr?r;".T.^ 
r rrorsH^^r^^T^r^ -rcs^r r^^^^^ itemed on. .det 

'^Tl^Crse uald^en Patent No-™^^^ 

alumina sintered product having an average gram size of 20 ^^ °; °J^!,'J7f ring is porous, so that there 

rr^"=."rnCrsr:;'.-.?rc:rb^^ 

sulleting ionic ™pact o, .the. mecnaHcal ^~1< ''^'^J^,^';^^ „„ ,„e clamp hn, when urged against a 
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^r^rTj^n'l^ "^'Se amounts on a clamp ring, an electrode insulating member, a focus 

nng. a covenng body or the like, located closely to the electrodes, and thus, the falling off or breakaway of the polymer 
presents a more serious problem. K^iymci 

SUMMARY OF THE INVENTION 

[0011] An object of the invention is to provide a plasma-resistant member, whteh does not involve any breakawav 

oLflr^rH ^'J'^ " ^'r"^"' "^^'^^^^ «»'«"9th. and is able to suppress the breakaway of a onL depositeJ 
polymer, and also a plasma treating apparatus using the member 

[0012J Another object of the invention is to provide a plasma-resistant member, which enables one to protonq an 
mmT"TH T'"^ °' ^ ^«P°«''**^ Po'y^er. and a plasma-treating apparatus using the rnember. 

[00131 The plasma-resistant member of the invention should preferably be used in a reaction chamber of a plasma- 
o^in If f T« ^''^ P'«^«-^««'st«nt "'ember is made of a dense alumina sintered product having an average 
th« .h^^Ll T^' ^T^'^f ">"9hness Ra of 0.8 - 3.0 nm. and a bulk density of 3.90 g/cm^ or over. Tt is preferred 
that the dense alum.na sintered product has a purity of not less than 99.8%. an Si content of 200 ppm or below an 
alkali metal content of 100 ppm or below. oeiow. an 

f?«?in/i^ '"^'"^ ?^!'"^ apparatus comprises an electrode insulating member for electric insulation between at 
S « r!«S„ ^" "PP«'';'^»™'*« « and a reaction chamber, a clamp ring urging a peripheral portion 
of atreatmgsurfaceofabodytobe treated against the lower electrode to holdthesurfacetLe^ 
in the vicinrty of the upper electrode or lower electrode for effectively transmitting reactive Ions toward the [reaS^ 

fh^errjth IneitVnVof TT ' "'Tf ^ "^""^^ P™^"*^ ^° ^''^ °' thr^o!; chS 

fSio Jl!®t?^*'"^ apparatus may also be arranged to comprise an electrode insulating member for electrte 

msulat on between an upper electrode and a reaction chamber, an electrostatte chuck for electrostatically attracting 

provided in the vicinity of the upper electrode or lower electrode for effectively transmitting reactive Ions toward he 
reating surface of a body to be treated, and a covering member for covering the inner walls of the reaXr^Xrnber 

lo!.rinnTT K ^'.IT' °' '^"^ e'ect~statte chuck, the focus ring and tSe 

covenng member should be constituted of the plasma-resistant member. 

^""^T' IJ'^^P'^'"^ *^eating apparatus may be arranged to comprise an electrode insulating member for 
electnc insulation beMveen at least one of an upper electrode and a lower electrode and a reaction chamber an elec- 

^ ^'^^""^''^"^ '"'"^"^ ^ ''^ ^-^^-'^ «PP"-t-n °' a high vortage to an 

^Sir^ J^'"''^^ ^ P^^'''^'^ ^''""''y °' "PP«^ «'«=trode or lower electrode for 

J! Zl trn . V °" ^"'^ ^ "^'^ « peripheral portion of the treating surface of 

TZ I T T . V ^«=Won. in this arrangement, at least one of the electrode insulating member 

I^iSS member '''^ "^"^""^ ^"'^ '^"^ ^ constituted of the pl^ma- 

nclude an electrode insulating member, a focus ring, a clamp ring, an electrostatic chuck, a covering member covenng 

rr,„H ; K T^*^ °' ^ ''^"'^ ^'"'"'"^ P^°^"^' ^"^ chamber. The average grain 

size and surface roughness are, respectively, defined in the following manner 

m^tloci c^.'^*'.*^? of measuring the average grain size is described. The measurement was accorded to the 

method set out at page 7 of "Characterization Techniques of Ceramk^' published by The Corporation of the Society 

2 J^ZsT-r?" ' f ^ ^^^^^ Sported by 

descnbed as the measuring method. The method is described below 

[001 9] A circle whose area (A) is known is drawn on a textural photograph, and the number of grains per unit area 

i^:r;t:rf:^^^^^^^ 

Na-k-(V2)„,}/(VmO 
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wHcrein . .s a .agnmcat.n. Since -.s an area occup.. .y one gra.^ 

ioS" Ne:^.fh:meC ot measuring me surface roughness is described. The roughness was measured accord.ng 
to the method described in JIS B 0601 . micrometers (urn), which is obtained according to the following 
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Wherein ?i is a reference length . • ♦ ^ ..r^n, ,rt^ of this invention should preferable have an average 

r00221 Theplasma-resistantmember(aium;nasintere^^^^^^^^^ 
grain Size of 1 8-46 ^m. When the average grain size of the alu^^^^^^ 

L deposited on a member is liable to fall off In ^''''^'•^J'^^^'^'^^l^ZZr gra n boundary fracture and trans- 
m0231 When an alumina sintered product .s ground, ^e^alu-nma partid^ sufle sr y .^^^ 

granularfracture. At the time of deposition of P^^^rraTpeS^^^^^^ the alumina sintered product. 

rctu^TTurc^Hote^sprnthatt^ 

100241 If the average grain size of the a'"'"'"^ P" JnalT tJTadhiton between the fracture surface of the 

racture surface to a ground surface ''«<=°-:; ^^^^"^^^^^^^ when the average grain size 

particles and the polymer becomes poor. P«'^'"79/J7^''Jf.^'^^^^^^ fracture surface Is large, with the result 

rrr^e adhesion mentioned .ove^^^^^^^^^ 

stress caused by themial shock or the f « ^7°7;^"^^^^^^ grain size is as larger as 1 8 mr, or over, 

product, and occurs in a direction parallel to the .^^^^^^^^ 

rthesrr;^:^:^^^^^^ 

resulting in the ready breakaway of the deposit fiiiri. discharae and exchange of a semiconductor wafer 

100281 The plasma etching apparatus is operated ^^^^^ .K^resSt f Hm ^^e wafer and a protective film at 
Ld L a body to be treated, with a fresh ^^^^^Z^^^S^l^ x^^^ around the semiconductor wafer 
side walls, the semiconductor wafens from discharge and the ionic impact 

inside the apparatus undergo repetition of a heat "^t;^ '"''J'*"^ ^^""^^ ^J^^^ and the movement and mount 
accompanied thereby, and the ^^-Pf^^"- ^J/P/,^^^^^^^^ the breakaway of a polymer deposit 

i7h^L:;rthTs?r'^^^^^^^^^ 

^ f^oSl Theadhesionofthepolymerdeposnedo^^^^^^^^^^ 

. Srorrm^del^SuTr an\ as a resu. -"e^T^^^^^^^^^^^^ 
an alumina sintered product was 18 ^lm or over. 
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[0031] The upper limit of the surface roughness of the alumina sintered product is preferably 3.0 jim as expressed 
by Ra. When Ra exceeds 3.0 jim, there is the apprehension that alumina particles come off from the irregularity on 
the surface when the member suffers mechanical shock, along with the alumina sintered product lowering in its me- 
chanical strength. In order to make the surface roughness of the alumina sintered product within the above defined 
range, finishing can be perfomned according to ordinary diamond grinding. 

[0032] If the alumina sintered product is not dense, strength lowers, so that the alumina partteles may fall off owing 
to the ionic impact at the time of etching. Accordingly, the bulk density of the alumina sintered product should preferably 
be at a level of 3.90 g/cm^ or over. 

[0033] The alumina sintered product should be one which has a purity as high as 99.8% or over. It is preferred that 
the amount of Si is at 200 ppm or below, and the amount of an alkali metal is at 100 ppm or below. If the Si exceeds 
200 ppm in amount and the alkali metal exceeds 1 00 ppm in amount, the corrosion resistance to the fluorine species 
becomes worsened. 

[0034] These are true of the members (i.e. members on which the polymer is possibly deposited) including the clamp 
ring 1 . focus ring 1 7. electrode insulating member 1 0b for insulation between the electrode and the reaction chamber, 
and covering member 6 for covering the inner walls of the reaction chamber, which are employed in the reaction 
chamber of the plasma treating apparatus. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0035] Fig. 1 is a schematic sectional view showing a plasma treating apparatus according to one embodiment of 
the invention. 

[0036] Fig. 2 is an illustrative view showing an etching process a semiconductor integrated circuit. 
[0037] Fig. 3 Is a graph showing the relation between the charging time and the variation in the number of particles 
deposited on a wafer. 

[0038] Fig. 4 is a sectional view showing a plasma treating apparatus according to another embodiment of the in- 
vention. 

[0039] Fig. 5 Is a sectional view showing a plasma treating apparatus according to a further embodiment of the 

invention. 

^ DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 
[0040] Several examples of the invention are described below. 
Example 1 

35 

[0041] An alumina sintered product was made in the following manner. MgO, Si02 and NaaO used as a sintering aid 
were added to an alumina starting powder having a purity of 99.9%. followed by addition of an organic binder and ion- 
exchanged water and mixing to obtain a slurry. This sluny was dried by means of a spray dryer and granulated, followed 
by molding in a molding press in a desired fomr). Subsequently, the resultant body was further molded by means of a 
cold Isostatic press (CIP) at a compression pressure of 1 .0 t/cm2. The resulting molding was calcined at 1000*C and 
sintered while holding in an atmosphere of hydrogen at 1 800**C for a time of 3 - 6 hours. 
[0042] The alumina sintered product obtained in this way had an Si content of 22 ppm, a Na content of 4 ppm, and 
an Mg content of 500 ppm. The bulk density was found to be 3.99 g/cm^. The test piece cut off from the product was 
mirror polished, followed by thennal etching, observation of the texture through an optical microscope, and determi- 
^5 nation of an average grain size by a Planimetrk: method to obtain 24 \ux\. 

[0043] Thereafter, the product was subjected to grinding into a ring, which had a diameter of 260 mm and a thtekness 
of 12 mm and which had a spiked hole for holding a 200mm-diameter silteon wafer at the center thereof, thereby 
obtaining a clamp ring as a plasma-resistant member for a semiconductor etching apparatus. The grinding at a final 
finishing state was performed using diamond abrasive grains having a diameter of 200 to make the surface roughness 
so at Ra = 1 .3 |im. The three-point bending strength was 300 MPa, thus the strength being satisfactory. 

[0044] The outline of the semiconductor etching apparatus used to check the effect of the clamp ring is shown in Fig. 1 . 
[0045] The etching apparatus shown in Fig. 1 includes a reaction furnace 10 for carrying out etching treatment of a 
semiconductor wafer 2. A lower electrode 5 serving also as a mount for the semiconductor wafer 2 and an upper 
electrode 4 are provided inside the reaction chamber 1 0. Reference numeral 6 indicates a covering memberf or covering 
S5 the inner walls of the reaction chamber 10. The lower electrode 5 and the boUom surface of the reaction chamber 10 
are insulated from each other by means of an insulating member 10a. and the upper electrode 4 and the upper wall 
of the reaction chamber 10 are insulated with an insulating member 10b. 

[0046] A circular focus ring 1 7 and a clamp ring 1 formed according to the invention are provided around the lower 
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electrode 5, and has a hollow portion 11 therem and « ^^'^^ of fine holes 9 formed 

Sot a2 or c^^d aSached on the semiconductor wafer with a diameter of 200 mm (8 .nches). 

Reaction gas composition: CHFgtCF^tAr = 30:30:600 (seem) 
Gas pressure: 300 mTorr 

High frequency electric power: 1300 W (13.56 MHz) 

fooSr AS IhoJn i^ig. 3, When using the clamp ring 1 made of the plasma-resistant 

remarkably improving the productivity. 

Comparative Example 1 

a short discharge time, with the result that the particles appear. 
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Example 2 
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NaaO were, respectively, doubled, each in comparison with Example 1 . The sintering was performed in an atmosDh«« 
Of hydrogen at 1800-C for a retention time of 6 - 20 hours, thereby obtaining an aL^a ^in^ p^X^ S 

mannriTE^l"? Sn^^t^ f "'""""^ ^"^^'^ '^^'P ^"9 ^s obt'a^edfn thTsLe 

lt2™ „^ " tr^'^ ■ ^ before exceeding the control value of particles of 30 was 

detemimed n the same manner as in Example 1 . The results of the time, and an alumina purity an Mg content a^^ 

S«S th^!. seen f rom Table 1 , when using the ring of Example 2 according to the invention, the discharge time 

orand^hunrcil^n!; if r ^° """^ "'"^ v-'y "nlikejTto c^J2 

off. and thus, the cleaning frequency of the etching apparatus is lessened, thereby improving the productivity. 

Comparative Example 2 

[0057] The alumina impurity. Si content. Na content, surface roughness, bulk density and averaae arain si^e at a 
commercrally available alumina ceramic material are shown In Table ^ . Tfie average graS^ie wTdSr^Tne^^^^^ 
observation of an optical microphotograph of its texture, with the result that it was as small as 12 Us!^Z ma !ri^ 
a damp ring was obtained in the same manner as in Example 1 . Moreover, ^e diirg?t^^eT.fo ^tt ^um^^^^^^^ 

Quenching themial shock test (Examtiies 3 - 6. Cbmparative Examples 3.4) 

Surface rJ^L^-/' ^"""^ * >< 1° >< ^ (mm) and made of alumina sintered products, in which a 

a b^rdensK^ 92 3 ^^^P^^^^^'V- -^^-9^- were provided. All of th'ese test pL^ haS 

32Tpm an^^N^^^^^^^^ 

[0059] These test pieces were, respectively, fixed on the damp ring of the etchinq aoDaratus used in Pyamnto i h„ 

rt?!Sh P'«^®« respectively, placed on a hot plate and preheated to 100'C. followed by imme- 

S the ooiS;:;?,' ''^ «e-^ethanol freezing medium (-72.C)to impart thermaFshock thereto. The steteXe^aJZy 
tl nn-r K *ft « stereoscopic microscope. Subsequently, each test piece was pS3S 

lllTXr^lT « stereoscopic mfcroscope. The r;8ults a^ 

[00611 As shown in Fig. 2, where the average grain size and surface roughness were both within the ranaes defined 
m the invention, the thermal stress was mitigated when the themial shocks were added thereto so that Zreaklw^ 
of the polymer film took place. However, it was found that when the surface roughness Ra was less ^ran 0 8?m 

xTadi,rbrkraZ'^^^ 

[0062J In the example of Fig. 1 , there was shown an instance where the clamp ring 1 was formed of a ol-sma 

memil « f °' fr!'^'^'^ T'"^' "'^^ ^ «'m°=Phere (in the reaction chan^ber). For in^anci L^ver 

T\ °' '"^"'««"9 '"^'^bers 1 0a or 10b and tS^ foLurrq 

17 may be. respectively, fomied of the plasma-resistant member of the invention. In this arrangemert the brSkawa? 
of the polymer can be more effectively prevented, enabling one to prolong the cleaning cycle breakaway 

Example of Fig. 4 

Kowta oll°"S,r"'°' '"T" °' Irom the example ol Fig. 1 to 

S!f?^-rJ*'®.®*^"^'® "* ''^ airangement that an electrostatfe chuck 18 is used in place of the clamD 

nng 1. The electrostatic chuck 18. which is used as a chuck unit for holding the semicondurttr wa?^?« ,he cS 
and upper surface of the lower electrode 5, is provided so that it has substantially the same S^^ira^he serSteon 
fntrr^os'l?;! ' -'«-«~s«atic Chuck 1 8 Is so arranged that a conductive film 19, such as a c^er ,oS or the Tke « 

^ LttSsttd^^^hJS on tr ^ T l'™"^' ^ "°"^9e supply lead 20. In this way. the semteonductor wafer 2 
IS attracted and held on the upper surface of the electrostatte chuck 1 8 by the action of the Coulomb force 
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'one of the cover member 6 for the '"^^ .^^ ^^^^Ste^^^^ of the ir,ver,tion. In this case, the polymer de- 
and the focus ring 1 7 may be fom.ed j^^^ P'^^-^f^.^^'^'^^^ be prevented from breakaway, 
posited on the constituent members .ns.de I^^^'^" "^^^''^p^^ of Figs. 1 and 4, such an arrangement that a 
E0O66, It Will be -teci.f :S de 4lrt^£wer eie^rode 5. respectively, the high frequency 

x~:p.rdtor^^^^^ 

Fyam ple of Fiq. 5 h dw30 

.OOSTl Fig.5showsafurthere.amp.on^^^^^^^^ 

1 0 through a plurality of rods 12a in a ""f "^[^f^';*';;;^;; '.'^p ^ded wrth the cover body for covering the peripheral 
[0068] in the plasma treating apparatus of the type ^^^^ 2) in a non^ntact v»ay. the treatment, 
portiol of the treating surf ace of a body to be tre^e^^^^^^^^ 

with a plasma, of the peripheral P^'*^" /'^^^^^J^^j;^^^^ I amount of the particles to be deposrted on 

in progress by means of the cover body, ^^'s jeads to the ^uppres ^^^^^ ^^^^^ „ 

the peripheral portion of the body peripheral portion of the semiconductor wafer and 

trea^ent can be suppressed from "^^'^^ P°^^.^^^^^^^ deposited on the cover body is dropped over 

reri^rur^r;;^^^^^^^^^ 
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Comp. Ex. 3 
Example 5 
Example 6 
Comp. Ex. 4 



27.0 
21.7 
21.7 
21.7 



Breakaway state 




0.02 
2.20 
1.34 
0.02 



Breakaway 
No breakaway 
No breakaway 
Breakaway 



Breakaway 
No breakaway 
No breakaway 
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Claims 

» 01 . trealing surf«» ol a bod, to ba '^"'"^'^ "^%^„tSW=J«l»aly i™«»ni«lns ra««l«a Ion. to tna 
provldad Hi »» v»9nlty ol tna uppar ela«oae or lowef ' |„„o,wMi. ol tha laaotion 

cation of a high vottage to an electnc .'^^^^y'^^"' '"^^^^^^^^ surface of said body to be 

electrode or lower electrode for f ««"'«'y.^'^"^"','«"2 waTof he r^tton chamber, wherein at least one of said 

r:ie=gTe=^^^^^^^^^^ 
the plasma-resistant member defined in Claim 1 or 2. 

Aplasma treating apparatus comprising an elect^el^^^^^^^^ 

upper electrode and a lower electrode ar,d ^^^^^ °" ^" ^^^^^ inductor member thereof, a focus 

andholdingabodytobetreatedbya^^^^^^^^^ 

ringprovidedmthe v.c.n^ of the ^^^^^^^ or Iow« ^ ^^^^ 

the treating surface of said body to be ^"^^f^^^' ^ ^ treating surface of said body to be treated in a 
Chamber, and a cover -^^^^ ^^^^^^^ said electrostatic chucK. saidfocus 

rg;rro:rg"n:r^^^^^^^ 

1 or 2. 
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processing method of a high aspect ratio 
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